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Introduction

We live in a divided world: between rich and poor, healthy and sick, literate and ignorant, democratic and authoritarian, and between empowered and deprived.  All the technologies that we could develop in the past centuries and all the policies we could enact for harnessing human development have not wiped out these glaring disparities. The numbers are depressing: more than 2 million people (1.5 million in Africa alone) die of tuberculosis annually, for which a cure exists; about 2.8 billion people live on less than $2 a day; life expectancy in Sierra Leone is 37, a level not seen for centuries in the west, and, in spite of its protestation of hi-tech, India remains the homeland for the world’s largest number of adult illiterates. We can extract such dismal statistics in many areas of human development, infrastructure availability, economic well-being, environment and empowerment. While many categorizations of countries have been developed (such as developing, emerging economies, economies in transition, etc.), a new label—a sign of the times—is the “digital divide,” which describes the development of countries (and groups within countries) in terms of their capacity to harness the power of Information and Communications Technology (ICT).

Numerous organizations, governmental and non-governmental, public and private, global and very local are working to remove the glaring disparities.  Some of their efforts are already showing results. The poverty rate, for instance, based on a real income level of $1 per day declined from 29 per cent to 23 percent in about twenty years. Infant mortality, due to water-borne diseases and poor hygiene has fallen from 4.6 million in 1980 to 1.7 million in 1999.  However, it is unnecessary to emphasize, more needs to be done in all areas of sustainable development.

In the following section we discuss the targets for sustainable development projected at various Global Forums that have been endorsed either unanimously or by a majority of the nations. While every country has its own set of priorities and targets, and some have appropriated the UN promoted targets as their national ones, we shall base our discussions on the UN promoted ones, for they provide a common base for sustainable development missions. Subsequently, we discuss technology issues including challenges in Information and Communications technology (ICT). In the concluding section, we discuss various challenges, barriers, and metrics for sustainable development, with attention to where ICT can help increase sustainable development (SD).  

This note does not claim to be either an authoritative or an exhaustive report on issues in sustainable development. It is presented solely to provoke and encourage discussions that would stimulate an agenda for research and development in ICT for sustainable development, which is the mandate for the Bangalore Workshop. 

Development and ICT – Targets and Statistics

There have been multiple global meetings on issues of development in the last 15 years; we focus on four major UN sponsored meetings and resolutions:  Agenda 21, Millennium Development Goals, Johannesburg Summit, and the World Summit on the Information Society (WSIS).  

Agenda 21 emanated from the Rio Summit on environment and development and was a statement of principles for environmental sustainability and development.  The program areas that constitute Agenda 21 are described in terms of the basis for action, objectives, activities and means of implementation. The Agenda 21 document runs to forty chapters including a section on means of implementation.  However, Agenda 21 does not set forth targets, instead arguing for a dynamic program that could be suitably prioritized by countries depending on their situations and objectives. Agenda 21 was promoted as an evolutionary document.

The Millennium Declaration was adopted by the member states of the UN in September 2000, followed by the Millennium Development Goals projected as the road map for implementing the Millennium Declaration. We believe the Millennium Development Goals (MDG) are important for establishing targets for development.  We list below the Millennium Development Goals and Targets.  

Millennium Development Goals:

1. Eradicate extreme poverty and hunger

2. Achieve universal primary education

3. Promote gender equality and empower women

4. Reduce child mortality

5. Improve maternal health

6. Combat HIV/AIDS, malaria, and other diseases

7. Ensure environmental sustainability

8. Develop a global partnership for development

Target 1 Halve, between 1990 and 2015, the proportion of people whose income is less than one dollar a day. 

Target 2 Halve, between 1990 and 2015, the proportion of people who suffer from hunger. 

Target 3 Ensure that, by 2015, children everywhere, boys and girls alike, will be able to complete a full course of primary schooling. 

Target 4 Eliminate gender disparity in primary and secondary education, preferably by 2005, and to all levels of education no later than 2015. 

Target 5 Reduce by two thirds, between 1990 and 2015, the under-five mortality rate

Target 6 Reduce by three quarters, between 1990 and 2015, the maternal mortality ratio.

Target 7 Have halted by 2015 and begun to reverse the spread of HIV/AIDS

Target 8 Have halted by 2015 and begun to reverse the incidence of malaria and other major diseases.

Target 9 Integrate the principles of sustainable development into country policies and programs and reverse the losses of environmental resources. 

Target 10 Halve by 2015 the proportion of people without sustainable access to safe drinking water and basic sanitation. 

Target 11 Have achieved by 2020 a significant improvement in the lives of at least 100 million slum dwellers.

Target 12 Develop further an open, rule-based, predictable, non-discriminatory trading and financial system. It includes a commitment to good governance, development, and poverty reduction - both nationally and internationally 

Target 13 Address the special needs of the least developed countries. Includes: tariff and quota-free access for least-developed countries' exports; enhanced program of debt relief for HIPCs and cancellation of official bilateral debt; and more generous ODA for countries committed to poverty reduction

Target 14 Address the special needs of landlocked countries and small island developing States (through the Program of Action for the Sustainable Development of Small Island Developing States and the outcome of the twenty-second special session of the General Assembly)

Target 15 Deal comprehensively with the debt problems of developing countries through national and international measures in order to make debt sustainable in the long term

Target 16 In cooperation with developing countries, develop and implement strategies for decent and productive work for youth 

Target 17 In cooperation with pharmaceutical companies, provide access to affordable essential drugs in developing countries

Target 18 In cooperation with the private sector, make available the benefits of new technologies, especially information and communications.

The Johannesburg Summit on Sustainable Development (2002) also drew out some of the targets of the Millennium Declaration as well.  However, the scope of the Johannesburg Declaration was more extensive and included many areas of deprivation and action points. For instance, the 19th article states “We reaffirm our pledge to place particular focus on, and give priority attention to, to fight against worldwide conditions that pose severe threats to sustainable development of our people, which include chronic hunger, malnutrition, foreign occupation, armed conflict; illicit drug problems; organized crime; corruption; natural disasters, illicit arms trafficking; trafficking in persons; terrorism; intolerance and incitement to racial, ethnic, religious and other hatreds; xenophobia; and endemic, communicable and chronic diseases, in particular HIV/AIDS, malaria and tuberculosis.” This Summit also underlined the importance of technology for development such as cost-effective desalination of seawater recycling and renewable energy resources, diversification of energy supplies, advanced energy technologies and even phasing out of subsidies.  There was an explicit reference to Information and Communications Technologies for development. 

The recently concluded World Summit on the Information Society (WSIS) brought to the forefront the role of ICT for development.  We summarize below the development targets for 2015 emerging out of WSIS; these primarily deal with ICT infrastructure: 

1. to connect villages with ICTs and establish community access points;

2. to connect universities, colleges, secondary schools and primary schools with ICTs;

3. to connect scientific and research centers with ICTs;

4. to connect public libraries, cultural centers, museums, post offices and archives with ICTs;
5. to connect health centers and hospitals with ICTs;
6. to connect all local and central government departments and establish websites and email addresses;

7. to adapt all primary and secondary school curricula to meet the challenges of the Information Society, taking into account national circumstances;
8. to ensure that all of the world's population have access to television and radio services;
9. to encourage the development of content and to put in place technical conditions in order to facilitate the presence and use of all world languages on the Internet;
10. to ensure that more than half the world’s inhabitants have access to ICTs within their reach.

Based on analyst reports and sources online, there were several major issues and points of contention at WSIS, including: 

· Who Pays for Bridging the Digital Divide?

· Use of Open Source Software

· Intellectual Property Rights

· Freedom of Information and Rights of Individuals (balanced with security needs and concerns)

· Internet Governance and Control

There was also a parallel declaration by civil society representatives at WSIS on ICT for development.  

WSIS Targets – Can they be met?

If we consider some of the targets from WSIS, one of them is the connection of all the villages in the world (for some basic level of shared access).  As per the World Telecommunication Development Report (2003), there are an estimated 1.5 million villages that are unconnected.  If it costs, say, $3,000 per village to connect them (assuming we don’t simply use a satellite uplink which can be done for less money) and include other hardware like a PC, then this would cost under $5 billion.  Spread over 5 years, this implies a billion dollars per year (and a good deal less if alternative but less scalable designs are used).  Using soft loans and amortized over a longer horizon, the cost would be only a few hundred million dollars per year.  With standardization and R&D, this number could fall by 30%.  In contrast, providing subsistence electricity connectivity per household requires billions of dollars per annum for over 25 years, or at least an order of magnitude more!  

John Daly, in a series of articles, discusses point by point how ICT can work to meet the eight goals identified with the 18 targets set by the MDGs.  Similar options are indicated by in a World Bank publication (Figure 1) and in the World Telecommunications Development Report 2003, excerpted in Table 1.  
Figure 1: Resource Allocation and Impact in MDG Sectors
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Table 1: How ICTs can help the MDGs

	Goal/Target
	Role of ICTs

	1. Eradicate extreme poverty and hunger

Halve, between 1990 and 2015, the proportion of people whose income is less than one dollar a day

Halve, between 1990 and 2015, the proportion of people who suffer from hunger.
	Increase access to market information and reduce transaction costs for poor farmers and traders.

Increase efficiency, competitiveness and market access of developing country firms.

Enhance ability of developing countries to participate in global economy and to exploit comparative advantage in factor costs (particularly skilled labor).

	2. Achieve universal primary education

Ensure that, by 2015, children everywhere, boys and girls alike, will be able to complete a full course of primary schooling
	Increase supply of trained teachers through ICT-enhanced and distance training of teachers and networks that link teachers to their colleagues. 

Improve the efficiency and effectiveness of education ministries and related bodies through strategic application of technologies and ICT-enabled skill development.

Broaden availability of quality educational materials/resources through ICTs.

	3. Promote gender equality and empower women
	Deliver educational and literacy programs specifically targeted to poor girls and women using appropriate technologies.

Influence public opinion on gender equality through information or communication programs using a range of ICTs.

	4. Reduce child mortality

5. Improve maternal health

6. Combat HIV/AIDS, malaria, and other diseases

Reduce infant and child mortality rates by two-thirds between 1990 and 2015

Reduce maternal mortality rates by three-quarters between 1990 and 2015

Provide access to all who need reproductive health services by 2015
	Enhance delivery of basic and in-service training for health workers.

Increase monitoring and information-sharing on disease and famine.

Increase access of rural caregivers to specialist support and remote diagnosis.

Increase access to reproductive health information, including information on AIDS prevention, through locally appropriate content in local languages.

	7. Ensure environmental sustainability

Implement national strategies for sustainable development by 2005 so as to reverse the loss of environmental resources by 2015

Halve, by 2015, the proportion of people without sustainable access to safe drinking water.

Have achieved, by 2020, a significant improvement in the lives of at least 100 million slum dwellers.
	Remote sensing technologies and communications networks permit more effective monitoring, resource management, mitigation of environmental risks.

Increase access to/awareness of sustainable development strategies, in areas such as agriculture, sanitation and water management, mining, etc.

Greater transparency and monitoring of environmental abuses/enforcement of environmental regulations.

Facilitate knowledge exchange and networking among policymakers, practitioners and advocacy groups.


Source: Table 4.2, World Telecommunication Development Report 2003

Measuring ICT

Data and statistics on ICT abound, but these often lack transparency and standardization.  To provide updated and standardized data, the International Telecommunications Union (ITU) recently published the World Telecommunication Development Report 2003 in December.  Based on this report, an estimated one-third of the world has never made a phone call, while only one tenth have used the Internet.  

This report proposes a new Digital Access Index (DAI), a transparent metric encompassing numerous factors such as Infrastructure, Affordability, Knowledge, Use, and Quality.  It establishes explicit benchmarks (such as literacy rates, total international uplinking bandwidth etc.) as part of the components, and computes the DAI number for a country, based on which these can be ranked as High, Upper, Medium, and Low DAI nations.  We notice a few surprises in the data (Appendix 1), e.g., S. Korea is now 4th ranked in the world.  Our preliminary analysis shows the exceptionally low costs for data connectivity in Korea and Japan – especially on a per megabit basis – are not just due to technology and design (with close proximity of residents in urban areas) but also because of increased domestic content.  This reduces one of the largest costs for Internet Service Providers (ISPs) today – international connectivity or uplinking.  

The data on cost of Internet access as a fraction of Gross National Income (GNI) are instructive.  (These factor in local phone costs for dial-up connectivity).  We see that many African nations find access costs over 100% of the average annual per capita GNI!  A detailed analysis shows this is not only due to low earnings; the absolute cost of Internet access is very high, due to technology choices/design, limited economies of scale, policy issues such as licensing fees for ISPs, high uplinking costs, and local phone calls charges.  For example, in India the hourly phone charges are several times higher than the ISP charges for dial-up connectivity.   

Importantly, about 81% of the world’s population has theoretical access to telephony, e.g., falling under a mobile provider’s footprint, and even developing countries have about 65% coverage (excluding China and India, who have about 94% coverage).  The question thus becomes not of availability but of affordability and perceived need to access.  

ICT

Introduction

The ITU estimates the worldwide ICT market in 2002 was almost $2.1 trillion, split as Telecom Services (39%), Software and Services (31%), and Hardware (30%).  This comes to nearly about 6.6% of the Gross World Product.  Surprisingly, in developing countries, ICT’s share in GDP is not low.

ICT is said to be built on the C’s – Computing, Communications, and Content.  The enablers are Hardware, Software, and Bandwidth.  The recent World Summit on the Information Society (WSIS) focused extensively on the last 2 Cs, communications and content, and less so on computers.  In truth, hardware is continuously becoming less expensive, especially on a price-performance basis.  As well known (“Moore’s Law”), microprocessing continues its two-fold improvement in 18 months.  More impressively, when we factor in improvements in storage, optics, and wireless technologies, the price-performance curve for ICT looks even more dramatic.  The Workshop website includes links to several papers and presentations on technology, and the current status and future trends can be found from various sources online.  With its continued improvements and broad capabilities, ICT is considered an “all-purpose technology” capable of driving economies, much like electricity did in the past century.  

Applications of ICT that are in vogue today can be divided under two broad categories.  The first are those largely dependent on traditional telecommunications networks (including the Internet) that enable on-demand communications to provide information tailored to the user’s convenience and needs. How that information is processed, whether it is used at all, and whether it is transformed into knowledge is left to the human user who asked for that information in the first place. The second group of ICT applications, for want of a more appropriate name, we shall call Human Independent, where information is processed and decisions are arrived on the basis of preset criteria without human intervention at the time of decision making. These can be nearly passive systems, or part of a larger system (embedded ICT).  Examples include sensor-based networks that determine automated climate control for buildings.    Many of the more-discussed applications of ICT for SD are of the first category, ranging from distance education programs, e-commerce, or e-governance, while the potential for the second class of applications remains to be tapped.  

When considering the use of ICT for development, conventional wisdom is that even if hardware is free (e.g., donated), communications, software, and training render ICT expensive.  While hardware speeds may scale with increase in number of transistors and components on a chip, software scales only with skilled humans.  

Technology Related Challenges

We list below are several issues that determine the viability of ICT for sustainable development.  Many of these apply to developed countries as well, but there are often institutions and mechanisms in those countries to address some of these issues.  

Digital Divides – Availability, Accessibility, and Affordability

These three interrelated features determine the value of ICT for a user.  Availability may be considered the broadest of the three, with accessibility based on more user-specific criteria (both physical proximity as well as interface).  Affordability is a limiting factor, since we have seen that many people could avail of ICT but do not.  As the Markle Foundation’s Report on National Strategies of “ICT for Development” (2003) states, “Digital Divides are not just the result of economic differences in access to technologies (Have’s vs. Have-Not’s), but also in cultural capacity and political will to apply these technologies for development impact (Do’s vs. Do- Not’s).”  

Hardware and Software Cost

Until hardware and software costs decrease, ICT may remain beyond the reach of many users.  This is especially true as long as a personal computer is required for data access.  When developing countries face higher hardware costs, how much of this is due to import duties and lack of local production capabilities?
  Is there a price point that would make computers affordable?  Instead of a computer per se, could a standardized and mass-produced device serve as a computer, TV, telephone, and digital VCR?  

Open source software has the potential for bringing down software costs, but the interface and use has often been difficult for semi- and un-skilled users.  There are also corporate barriers to compatibility with traditional (proprietary) software. Is it possible developing economies could produce their own software, including the use of existing source codes for new programs and applications?  

Many ICT components (hardware) are commodities, with very low prices in volume.  However, they typically began with high prices, reflecting development costs.  A dilemma remains on how to encourage innovation if the expectation will be for reduced producer margins (commoditization).  This is especially the case where development costs might be high, similar to the perceptions of the pharmaceutical companies in the west.  

Connectivity Costs

We see from recent ITU data that using dial-up to access the Internet can cost more than the average annual GNI in many countries.  This implies that a shared access model becomes de riguer for ICT to be affordable (pay as you use).  While many worry about basic access (i.e., dial-up), we contend that broadband should be the target for developing countries because of the higher bandwidth rich applications and interfaces require.  Broadband represents even bigger disparity in prices.  Per bit, broadband for consumers in Japan is some 300 times cheaper than in Bangalore!  

What is and Why Broadband?

Broadband is loosely defined by users, with some definitions accepting any speed over dialup (e.g., 128 kbps) as broadband.  Other definitions require 640 if not 1,544 kbps to qualify as broadband.  Regardless of the exact number, some features that are attractive to users include always on connectivity and, potentially, flat-rate (“all you can eat”) pricing.  While critics counter that such pricing hurts infrequent users and breeds inefficiency, it has been found that flat-rate pricing encourages innovation and development of applications.
  Richness of applications is key for enhancing ICT usage, especially when we consider that graphical interfaces, a must for illiterates, require much higher bandwidth than plaintext.  

During the WSIS, some analysts questioned the need for broadband for developing countries (“Let them eat megabits” was an article by a leading academic from the US).  This ignored the leapfrog opportunities of newer technologies (ones that could provide the “Triple Play” of services – voice, video, and data) and also ignored the inexorable fall in capital costs.  As a reminder of why developing countries need bandwidth, consider even basic applications.  One of the authors of this note recently connected for their weekly dose of Windows and anti-virus updates. Size, 8.3 megabytes (a major update).  The dial-up, 28.8 kbps.  In practice, it took nearly 6 hours, and that was with good luck that it didn't disconnect in between.  The cost for that update, about $6 (dial-up and ISP charges), or almost a week's average income in India.

Content

Content and applications drive demand for ICT.  Virtually all applications and most content are produced by or geared towards Western users or urban elites.  Locally relevant data will drive the penetration of ICT, with literacy and language issues to be addressed, as well.  There are also concerns over control of data, accuracy, and transaction costs.  Content today is mainly based on text with images.  With improvements in technology and connectivity, more content will become interactive, and include searchable audio and video.  

Usability and Interface

The primary means of interfacing with data has been the computer, which assumes a certain level of literacy, both lingual as well as technical.  Until local language and graphical interfaces are improved, users will primarily be the upper socio-economic strata or developed nation users.  

Though much has been said about user interface for those across the digital divide, greater attention needs to be paid to making hardware+software easier to use for even the more sophisticated user.  Today, the computer is a major operational challenge for most users, who worry incessantly about upgrades, patches, drivers, crashes, compatibility, etc.  (This excludes issues of viruses, spam, etc., which are captured under “security.”)  Industry has learnt to transform complex technologies into user-friendly systems, e.g., the automobile.  We need similar innovations in computer-communication systems.  

Regulation and Policy

Competition has overwhelmingly helped consumers in the telecom world, but many developing countries regulate ICT heavily.  Incumbent telecom providers in developing countries, often Government companies or PTTs, have been relatively slow to adopt new technologies.  They have especially opposed disruptive technologies, especially voice over Internet Protocol (VoIP), unlicensed wireless, etc.  

Table 2:  Policy Divide on Unlicensed Spectrum and Usage
	
	Developed countries
	Developing countries

	% with license exempt wireless spectrum
	96%
	41%

	% with license exempt wireless devices
	95%
	40%

	% with license exempt wireless commerce
	65%
	20%


Source: The Wireless Internet Opportunity for Developing Countries (2003)

Numerous studies that have shown that cost reductions for users have come not from technology per se, but rather when there is competition.  Nonetheless, competition within the data side of ICT is less well understood, and even the US is grappling with such issues (such as Open Access rules).  An aspect of regulation that has been finessed in the Internet world is that of Universal Service Obligations.  Mechanisms for universal service, both for access itself and for VoIP users, need to be devised.  

Fundamentally, many national ICT strategies should focus more on users and capacity building than getting lost in technical issues.  To succeed and be sustainable, ICT initiatives should go beyond top-down or centralized (governmental) initiatives to encompass the many stakeholders and participants.  In fact, many listed successes have come from efforts that involve cross-sectoral collaboration from the four key sectors: government, business, researchers in labs and universities, and civil society organizations.

Security

Information security, and its aspects encompassing integrity, confidentiality, privacy, and assurance, is a major concern for all countries, including the developed ones.  Because they lack institutions to tackle cybersecurity, a few developing countries countries have become victims of and also launching pads for a number of attacks.  To improve domestic cyber-security, countries should develop domestic or at least regional Computer Emergency Response Teams (CERTs).  CMU houses the CERT coordination center, and has assisted in establishing a number of such Teams around the world.  

Can a global standard on acceptable and non-acceptable use of computers and networks be agreed to?  What should the norm be for so-called “white hat hackers” or “ethical hackers?”  Legislation is the first step towards cybersecurity, and countries should establish laws allowing the sanctity of digital signatures (and encryption) if e-commerce and online transactions are to flourish.  

A major concern in developing countries is the physical security of equipment and systems in the field.  Even copper cables are often dug out, and resold on the market. Optical fibers prove less valuable for vandals and thieves, once they understand they have no resale value, and wireless bypasses this issue to a large extent.  

Internet Control, Architecture and Addressing

WSIS discussed issues of Internet control and domain name control in detail.  From a practical perspective, developing countries face a lack of physical (Internet Protocol) address space, in addition to issues of Internet name space.  The current version of Internet Protocol, IPv4, has been unevenly distributed between nations.  CMU/Pittsburgh Supercomputing Center, at least till recently, controlled more address space than all of India!  Such constraints require technological fixes such as address translation, which impose operational burdens on operators.  One proposed solution is IPv6, the next generation of Internet Protocol, which has enough address spaces for the entire world (and enough for all devices that may eventually get connected).  Developing countries should consider embracing IPv6 while balancing legacy and interoperational requirements.  Japan and China have been leading the push for IPv6, and developing countries could consider joining such initiatives. 

Another aspect of Internet design affects developing countries not by design but by their small size.  An overwhelming majority of traffic heads to the US or other developed countries.  Larger (“backbone” or “Tier 1”) carriers, who often also host the data, typically demand transit as well as peering charges.  In contrast, when trading traffic with each other, they often do private peering under a mutual barter-like system, at no cost.  Thus, traffic to or from a developing country costs the developing country Internet Service Provider (ISP) while in the telephony world, settlement charges actually earn money for the provider (as more calls go to developing countries from developed than vice versa).  Solutions to reduce international data connectivity costs include enhancing local content, local storage and data centers (even if caching traffic), and aggregating traffic to increase bargaining power.  There also remain unresolved issues regarding translation and transition to IP based telephony from traditional telephony.  

Wireless

Wireless has grown dramatically in the last decade, e.g., mobile phones outnumber traditional landlines by 2:1 in Africa.  Wireless technologies offer a compelling solution for access requirements in the developing world, especially in light of the lower density of users.  In particular, unlicensed spectrum, such as through “WiFi”, offers attractive opportunities for fixed broadband wireless access.  However, many countries are yet to embrace unlicensed spectrum (Table 2, page 6).  By and large spectrum is underutilized, even in the developed world.  

While newer cellular phones (GPRS and third generation – 3G – cellular) offer reasonable data capabilities, the actual usage has been modest at best in most developing countries.  In contrast, SMS (short message service) has become quite popular for transmitting information.  There are several applications of SMS for rural users, but these are usually based on one-to-one applications.  Development of web-interfaced, inexpensive SMS systems with group mode might be a good technique for applications such as agricultural price-discovery, weather forecasting and disaster warning, etc.  

Wireless – It’s more than WiFi

802.11b (“WiFi”) has garnered a lot of press and attention, with mushrooming “hotspots” around the world, and it is becoming very cheap (<$20 client node).  However, this technology was not designed for the wide area network, and is generally optimal for shorter ranges.  802.16 (“WiMax”) is an emerging tailor-made alternative for access needs, and offers the capabilities to work in licensed as well as unlicensed spectrum.  In addition, it works without Line of Sight, which is required for WiFi over long distances.  

One technical issue affecting how well such technologies can be used for access is the allowed power emission level.  Here, the US (FCC) standards allow greater power than ETSI (European and most developing countries), especially when factoring in antennae.  If developing countries wish to extend the capabilities of wireless technologies, they would need to modify their wireless emission standards appropriately. 

In the coming years, we can expect continued improvements in technology, both with much lower prices as well as greater capabilities and range.  Revolutionary changes are expected in the near future from technologies such as “smart antennae” and “cognitive radios.”  
Energy and Power

For truly remote locations, electricity is a greater challenge than ICT, and standalone solutions such as solar power may cost as much or more than a computer and telecommunications equipment.  Even in grid-connected locations, power availability and quality remain variable, hampering ICT deployment.  Low power ICT solutions are required, especially for remote usage.

The need for low power consumption becomes more critical when we consider ICT devices that are not computers, e.g., either mobile devices or even smaller devices like sensors.  Until technology improves to reduce power consumption, the size and cost of these devices will remain high, and their penetration low.  

Digital Information and Broadcasting

In the era of Internet, broadcasting technologies are often ignored.  Broadcasting is an extremely cost-effective method of unidirectional imparting of information, e.g., through TV or Radio.  Digital Information can be broadcast easily, and there is already widespread usage of digital TV and now digital radio.  These technologies can carry data signals for various end-use devices, ranging from computers to specialized (inexpensive) receivers that could receive data on, say, weather, agricultural prices, etc.  

The use of digital media reduces the marginal costs of information transmission significantly.  As and when analog media shifts to digital, it not only improves the spectrum usage, but makes it more easily compatible with multiple mediums.  Through digital radio stations on the Internet, e.g., we can improve content availability in local and regional languages.  Digital information brings with it a number of challenges, including Intellectual Property Rights (IPR) and security.  

Leapfrogging and Deployment Plans – Need for Analysis

While leapfrogging is often touted as a boon for developing countries, e.g., the direct deployment of digital cellular instead of analog, there are few in-depth analyses on the cost/benefits of leapfrogging and/or waiting for the appropriate technologies.  Sophisticated analysis techniques such as Real Option Theory may help in technology assessment.    

The notion of waiting may appear counterproductive, but otherwise there is also a concern that an intermediate or poorly optimized – but readily available – solution will end up costing much more in the long run.  India suffered this fate when it went for cross-bar telecom switches in the 1970s, just when digital switches were emerging.  Many decisions are also practically irreversible locking in users as well as providers.  

When choosing technologies, people often worry about backwards compatibility and cite that as a reason not to deploy greenfield designs.  However, in many developing countries, the installed base is so modest and the growth rates for the near future are so high that the extra cost of compatibility even with a leapfrog technology should be less of a concern.  We can note that when London added a digit to its telephone numbers, citing increased demand for phone lines due to fax and modem lines, this cost a reported $2 billion.  

Technology Mapping and Needs

We present a generalized grouping for ICT and the R&D needs to making ICT relevant for development.

· Human-Computer Interaction

· Managing and interfacing with ICT

· Includes new devices for ICT (handhelds, all-in-one devices, etc.)

· Sensors

· Acquire and convert observations into information in digital formats

· Communication

· Reach and Richness of networks

· Databases/Information Systems

· Global databases of information spanning all media

· Availability of information in an appropriate format and specifications

· Creating knowledge and contextual bases and algorithms for processes and decision-making

· Controllers/Actuators/Effectors

· Effecting change (feedback) in nature and the operating domain

Group Discussion Notes

We present a list of challenges, barriers, and metrics for the major groups of the Workshop.  These draw from the questionnaire responses we received, as well as numerous development reports produced by organizations such as UNDP.  We reiterate these are only meant to encourage discussion, and we make no claims as to their completeness.  Some common issues are not explicitly mentioned in every list, such as lack of appropriate ICT or their high costs.  We also expand some groups out into subgroups.  In addition, we do not address biodiversity/resources/environment separately, but leave these integrated within energy, economic growth, and health.  

We request the Bangalore Workshop Participants to address issues of development where ICT could play a role and also assign appropriate priorities.  You could assess whether appropriate IC technologies are already available (A), need to be modified (M), or developed (D).  In addition, you could also consider exemplars that could make a difference in the use of ICT for sustainable development.  

Working Group on Water

Water is fundamental to life, beyond its role in agriculture, economic growth and development.  Many consider access to water a human right issue.  Its availability is limited, especially when we consider potable, quality water.  One aspect of water issues that receives even less attention is sanitation, affecting healthcare, quality of life, and urbanization.  

Figure 2:  Percentage without access to improved water supply and sanitation, by region (2000)
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Source: WHO/UNICEF Joint Monitoring Program, 2001
If we consider the Millennium Development Goals, Target 10 is to halve, by 2015, the proportion of people without sustainable access to safe drinking water and basic sanitation.  Using the numbers above, that implies somewhere on the order of 60 million people per year through 2015 need access to drinking water and 120 million need sanitation.  There is an estimated funding gap of over 100 billion dollars annually if this target is to be met, when we include allied investments in areas such as industrial effluent treatment, etc.  (Peter Rogers, presentation at the ICT4SD Washington DC workshop, 2003).  

Challenges

1) Provide drinking water to the world’s population, for which about 1.5 billion will lack sustainable access by 2015 (under business as usual assumptions).  This especially includes access locally, where people live.   

2) Provide improved sanitation access to the world’s population, for which about 2 billion will lack sustainable access by 2015 (under business as usual assumptions).

3) Ensure water quality and health standards are met for water consumption.

4) Ensure sustainability of water supplies, e.g., without depleting groundwater resources.  This might include technologies for reusing and recycling water for different uses.  

5) Make water available for non-drinking uses, primarily agriculture, but also commercial and other economic uses.  

6) Improve the efficiency of utilization for non-drinking uses (such as agriculture), which are the majority of the consumption.

7) Reduce water losses and improve tariff collection. 

Barriers

1) Water is overwhelming subsidized, even in developed countries.  The average cost recovery worldwide is estimated about 30% only.  Poor pricing signals can lead to wasteful usage and overusage.  The poor often lack public supply of water, and pay a heavy price for water gathering.  

2) Lack of accountability and poor decision-making by public officials.  Ignorance of mid- and long-term consequences of decision-making; the short-term view overwhelms long-term investment and planning.  Unavailability of data and lack of transparency in decision-making.  

3) The linkages between water, agriculture, healthcare, energy, and economic growth are not well articulated, especially from a planning perspective.  

4) Planning for water must correlate to the physics of supply, viz., micro and macro watersheds.  However, most decision making and even data collection is based on political or other artificial boundaries.  Consequently, decisions often impede sustainable access to water.  The needs do not match availability of water.

5) Lack of data on water uses, users, alternative supplies, etc., with a temporal and spatial granularity needed for optimal decision-making.  

6) A system that allows the elite to seek exit strategies that do not scale, e.g., through individual filtering units, tankered water supply, tube wells, etc.  

Measures for Success and Failure

1) Reducing the persons who lack water and sanitation, especially with detailed granularity (rural, regional, etc.)

2) Defined and achieved metrics on local access to water and sanitation – whether in-home or within a 5 minute walk, etc.   

3) Measured improvements in water quality as per testing, both drinking as well as discharged.

4) Stabilization or rise in water tables

5) Publicly available data for local users, who are empowered to seek redress or other interventions as required.

6) Improvement in soil conditions for agriculture (esp. related to salinity and other issues dependent on water).  

Working Group on Energy

Energy use is the engine for development, and the correlation with economic output is well documented.  Energy is used for modern appliances and devices, transportation, and cooking.  The latter is often based on non-commercial fuels, and thus not part of many official statistics.  Electricity is a special form of energy that is useful because of its (end-user) cleanliness and modifiablility (lighting, motors, etc.) – indeed, all ICT depends on electricity.  

Figure 3 shows the lack of electrification in developing countries, a significant challenge for the next 25 years.  

Figure 3: People Lacking Electricity
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We see that South Asia (mainly India) represents the largest absolute share of unelectrified person, but the trendlines for Africa show slower improvement.  

Electricity losses are very high in developing countries, often in the tens of percent.  After about 7-8% technical losses, the remainder is primarily theft, but some fraction is also due to poor design.  

Challenges

1) Provide energy and electricity services to all households who lack access today, several hundred million.  This also requires increase availability of supply to meet rising demand.  

2) Increase use of environmentally appropriate and sustainable fuels, such as renewables.

3) Devise alternative technologies (both supply and consumption) that have higher efficiencies and can offer options such as energy storage, demand side management, etc.  

4) Reduce the losses in energy usage, both technical as well as theft.  

5) Reduce the impact of energy usage on the environment, ranging from locally (down to the home level, e.g., by cooking using biomass) to globally (CO2 and greenhouse gases).  

6) Provide energy security for users and nations.

7) Manage fissile material from a safety and environmental perspective, if used.

8) Manage adaptation to climate change and sea-level rise concerns, which may disproportionately impact developing countries.  

Barriers

1) Limited financial resources to help provide commercial energy services, especially electricity.  Distortionary pricing of energy, encouraging wasteful usage by many classes of users.  

2) Poor understanding of linkages between energy use and health, agriculture, economic growth, water use, etc., especially from a planning perspective.  

3) Widespread theft/tampering of electricity and other energy services.  

4) Conventional wisdom (and economies of scale) that have favored large, centralized power generation plants (over decentralized and renewable technologies), which do not help rural users.  

5) Current technological limits to renewables and storage technologies, with relatively low R&D funding for such options.  

6) Users unaware of how or unwilling to modify their consumption patterns.  Options also limited due to long life-span of capital stock.  

7) Limited enforcement of technical and environmental standards.  

8) Utilities and providers rewarded economically for increased production and sales, and not for energy saving initiatives.

9) A system that allows the elite to exit poor supply through the use of decentralized (individual) generation systems such as diesel gensets.  

Measures for Success and Failure

1) Improving the penetration of modern energy services, measured by households accessing such services.  Increased use of energy services for improved quality of life.  

2) Reduction in energy consumption with simultaneous increase in economic output.  

3) Consistent improvement in system net availability, including reduction in losses (technical as well as theft).  

4) Increased use of sustainable energy sources.

5) Improved environmental metrics, varying from local particulate counts to global CO2 levels.  

6) Improvements in availability of quality electricity, measured by downtimes, faults, safety records, etc.

Working Group on Transportation

(Energy usage is part of planning for transportation, but not emphasized here.)

About half the world lives in cities, and rapid urbanization has led to over 300 cities in developing countries of over one million people.  There are likely to be about 23 megacities of over 10 million by 2015.  This represents a major challenge for planners.  Transportation affects not only safety and healthcare (pollution) but also quality of life (commuting), economic opportunities, and productivity (efficiency).  Transportation falls under several categories, by mode (bus, car, rail, etc.), ownership (public vs. private), and goods transported along with their characteristics (people, raw materials, finished products, perishables, etc.) 

Challenges

1) Reduce congestion and overcrowding in all transportation systems and on the roads within cities.  

2) Improve public transportation systems including affordability, and deploy innovative solutions for meeting transportation needs.  

3) Build safe and efficient rapid transport options between urban centers, including the development of modern port facilities.  

4) Connect rural areas with urban centers with all-weather roads and other transportation systems.  Improve connectivity between areas of greatest demand.  

5) Improve inland waterway usage for low-cost bulk transportation.  

6) Improve the environment in urban (and rural) areas, as affected by transportation.

7) Increase the safety of transportation systems.

8) Improve the sustainability of transportation systems, especially vis-à-vis fuel usage.  

9) Improve access for those with special needs.  

Barriers

1) Limited financial resources for public and private transportation.

2) Corruption and high transaction costs in public works.  

3) Poor quality of designs, materials, construction, and maintenance.  Lack of enforceable standards for construction and materials.  Lack of planning tools and testing centers with authenticated credentials.  

4) Limited space and ability to effect fundamental redesigns, only allowing for incremental improvements.

5) Perceptions and incentives favoring individual transportation options; increased affluence allowing greater individual transportation modes.  

6) Limited enforcement of existing laws, varying from safety to environmental to encroachment.  

7) Limited incorporation of externalities into system design and pricing.  

8) Urban layouts that often relegate the poorest to the most remote or underserved areas.

9) Perception that “bigger is safer” when it comes to passenger vehicles.  

10) Partial improvements negated by signals that encourage further utilization of infrastructure (i.e., more roads bring even more users, including new residents – urbanization).  

Measures for Success and Failure

1) Reduced crowding and congestion in public transportation systems and roads.  

2) Reduction in time spent commuting.

3) Improvement in air quality.

4) Increase in use of public transportation and ride-sharing options, as well as alternatives such as bicycling, across all socio-economic strata.  

5) Improvement in passenger transportation per unit energy input.  

6) Increase in safety and reliability of transportation systems.  

Working group on Healthcare 

Three major diseases now take a heavy toll of lives in developing countries, especially in Africa: HIV/AIDS, tuberculosis (TB), and malaria. These add up to almost 6.5 million deaths a year with AIDS deaths totaling almost 3 million (2.3 million in Africa alone) closely followed by TB with 2 million deaths (1.5 million in Africa) and malaria with 1.5 million (960,000 in Africa). Deaths from two of these are today preventable with appropriate drugs and precautions, and the ravages caused by AIDS can at least be decreased.  Infant mortality, death due to water-borne diseases, malnutrition, and lack of post-natal care have reduced the life expectancy in many developing countries.  Indoor air pollution has become a major killer in developing countries while the urban air pollution has reduced in middle and high income countries.  Other major diseases in developing countries, especially from a growth rate perspective are cardiovascular, diabetes, and hepatitis, deaths from which are preventable to varying degrees.  

Challenges

1) Increase longevity and survival statistics. 

2) Reach the entire population and educate them in a persuasive manner on health issues.

3) Ensure that malaria and TB are eradicated and the affected cured.

4) Make educational information universally available on how to prevent the spread of AIDS and help the victims from being ostracized.

5) Provide health care and health information to distant and often unreachable villages, the so-called outreaching. 

6) Make telemedicine systems routinely available in all remote areas.

7) Minimize deaths from water-borne diseases and poor sanitation. 

8) Provide education on pre-natal and post-natal care.

9) Improve healthy lifestyles (diet, exercise, etc.)

10) Incorporate traditional and so-called alternative medicine in a scientific manner.  

Barriers

1) Lack of available and affordable health-care. 

2) Poor governmental investments for healthcare. 

3) Acute scarcity of hospitals and healthcare facilities, and overcrowding in existing ones.  

4) Poor water sanitation and hygiene, and limited availability of infrastructure such as electricity, telecommunications etc.  

5) Lack of information on health-care options, hygiene, and personal health.

6) Lack of clean fuels for cooking and personal consumption, and limited enforcement of urban air quality standards.  

7) Shortage of well-trained health professionals, especially in rural and economically depressed areas.

8) Spurious medicines and quacks.

9) Modern lifestyles with increased stress and pollution, unhealthy diets, and reduced exercise.

10) Increasing tobacco consumption, especially in developing countries.

11) Ostracizing people with infectious diseases.

12) Gender discrimination and disparities due to income.

13) Increased resistance to drugs by pathogens due to indiscriminate usage.

14) Lack of insurance options or safety nets.

15) Lack of incentives for health care practitioners to move to rural areas.

16) Lack of well-defined measures or data on quality of life, especially for the elderly.  

17) A system that emphasizes cures over prevention, and also sets research priorities based on “market,” effectively shutting out developing country diseases.  

Measures for Success and Failure

1) Increases in life expectancy.

2) Reduction in infant mortality and maternal deaths.

3) Millennium goals for reducing the spread of TB, Malaria and AIDS. 

4) Immunization of all children under 5.  

5) Gender equality in health-care.

6) Sustainability in % of GDP devoted to healthcare.  

Working Group on Education

Education has two components, basic education (literacy) and advanced (which may or may not include specialized or ICT training).  Education highlights a number of divides, especially across gender.  This note focuses on basic education, as ICT and advanced education cannot obviate a lack of literacy.  Today, over 100 million children are not in school.  

ICT can help education significantly, as it has the technological prowess of extensive reach, and provides options to tailor the output to individual needs at anytime of his or her choosing. More than such conveniences, ICT can overcome some of the major handicaps inherent in conventional education. For instance, it can provide quality education with appropriate graphics and experimental presentations that are today available only in a few select urban schools; it doesn’t discriminate on the basis of gender or income, and can be made available in any language.  These characteristics of ICT enabled education are available at any level including for courses in practical training, adult education or continuing education.  

Challenges

1) Universal literacy, including adult literacy.  

2) Increasing female education levels to parity, beyond just literacy concerns.  

3) Make contents rich, affordable and available at all levels of learning, including a Universal Digital Library.

4) Make contents available in different languages.

5) Develop computer simulated experiments in sciences for students to perform and learn.

6) Develop and disseminate programs to help children with learning difficulties or physical disabilities.

7) Assist and empower teachers and provide them with tools for providing quality education.  

8) Modernize curricula to be relevant and worthwhile for students.  

9) Establish standards and certification procedures for education.

Barriers

1) Lack of adequate governmental budgetary provision for education and training.

2) Inefficiency in providing education.  

3) Lack of governmental support and encouragement for learning; no mandate for universal literacy supported through action and funding.  

4) Curricula that are outdated if not irrelevant (which do not provide value to students); inertia preventing change.  

5) Lack of qualified and motivated teachers; youth are not interested in teaching as a career.

6) Poor enforcement of teaching standards.

7) Competing claims from families to withdraw children from school (e.g., working in the fields).

8) Mistaken belief that ICT can “fix” education on its own, leading to misallocation of resources.  

Measures for Success and Failure

1) Universal literacy

2) Increasing employment for women

3) Increase in teachers and funding for education.  

4) Ability for anyone to access any educational content at very little or no cost

5) Reflection of increased education through overall economic growth

6) Increased patenting and innovation from developing countries

Working Group on Agriculture (Human Development focused)

Food is a basic human need, and agriculture (including fisheries, farming, livestock, etc.) employs the bulk of the global population.  Technological improvements have kept pace with population growth, averting global shortages of food, but regional imbalances and lags remain, especially in Sub-Saharan African productivity.  

The MDG target of halving the number of undernourished by 2015 is virtually impossible to be achieved at the current rate of reduction of hungry individuals (estimated at ~8 million a year on average). The task requires paying concurrent attention to increase in farm productivity, increased employment/livelihood opportunities in rural areas and improved conservation of natural resources. Greater investment is required in biotechnological research in relation to agriculture and trade is universally acknowledged to be a key factor in ensuring food security for all.  Here, systems for price discovery can be important for farmers, increasing their share of the retail price from the 5-25% they often receive for products.  

Challenges

1) Increase the rate of reduction in the number of hungry individuals from the current rate of about 8 millions per annum to over 22 millions per annum.

2) Improve food production for enhanced nutrition and health

3) Preserve natural resources including of water.  

4) Prevent land erosion and stabilize land quality.

5) Increase access to markets.

6) Value addition through agro-products and food processing.  

7) Enhance education about best practices solutions for improved output and incomes (including ICT).  

8) Improve agricultural practices, including appropriate use of biotechnology.

9) Increase livelihood options in rural areas, taking out a substantial fraction from agriculture.  

10) Reduce catastrophic failures in agriculture, which causes human suffering as well as increases pressure on urbanization.  Mitigate such failures through safety nets, public and/or private.  

11) Reduce wastage and spoilage.

12) Development of hygienic and non-perishable storage and packaging systems.

Barriers 

13) Limited institutional accountability and capacity, and no political will to end hunger anytime soon (through actions and funding). 

14) Poor access to education in agricultural practices; limited ability to participate in exchange of knowledge between experts and farmers as well as farmer to farmer exchanges.

15) Limited rural infrastructure for food processing and other value addition. 

16) Lack of inappropriate technologies (Hardware/Software) and organizational structures for monitoring water usage, contamination, drought prediction and other resource control mechanisms.

17) Lack of access to regional/national and global markets for goods. Lack of price and information on other regional/national markets for agricultural products.  No consensus on allowing gradual integration of global commodity trade and markets; simultaneous fragmentation of local markets.

18) Existence of “perverse subsidies” that compensate inefficient (ecological as well as economical) production practices.

19) Actual or perceived corporate dominance and of advanced technologies, with monopolistic effects on farmers.  

20) Declining investment in application of frontier technologies in agricultural research and lack of investment in research on technologies for off-farm enterprises.

21) Globalization unmindful of local concerns.  

Measures for Success and Failure

1) Increased nutritional levels across the population, with increased food production.

2) Increased access to regional/national and global markets, with increased share of end-user price going to the farmer.  

3) Reduction in spoilage of food at the source and in transport.

4) Development of systems for monitoring of land usage, water usage, drought prediction and other resource control mechanisms.

5) Development and use of ICT for knowledge networks in agricultural practices.  

6) Ability to process food and provide value-addition.

7) Viability of farming as profession, with a reduction in urbanization.  

8) Enhanced adoption of ecologically sound production practices on the small farm.

Working Group on Employment Generation and Poverty Reduction

Two types of opportunities are available for employment generation through ICT: [1] servicing and development of ICT technologies and industries such as providing call centers, back office services, hardware, software and process development, and [2] using ICT enabled processes and services to generate create more opportunities and create new avenues for employment. 

[1] Economic Growth and Poverty Reduction through servicing ICT industries

Challenges

1) Develop human resources with appropriate skill sets for technology needs.

2) Target training to use ICT use to meet different cultural and social contexts..

3) Create appropriate organizational structures and business processes to benefit from ICT created opportunities.

4) Develop appropriate governmental policies for transparent commercial practices and fiscal incentives.

Barriers

22) Poor literacy levels, lack of opportunities and environment for universal secondary and affordable tertiary education in many regions of developing countries; poor quality of education and training; unaffordable to a large population; lack of opportunities for continuing education and life-long training.

23) Lack of institutions to train people for addressing local/regional needs, coupled with neglect of local needs by industry.

24) Brain drain of talented people to urban areas and developed countries.

25) Absence of business intelligence units to inform of opportunities and provide linkages. 

26) Lack of tradition/experience in running businesses that interact globally.

27) Lack of governmental inexperience in nurturing industries with appropriate fiscal incentives. 

[2] ICT enabled or enhanced Employment Generation and Poverty Reduction

Challenges 

1) Identify areas to utilize if not substitute IC technologies in business and government processes to improve the reach, volume and quality of services, and minimize transactions costs. This especially applies to agriculture, which employs the largest fraction of the world’s population.  

2) Develop new opportunities for meeting local needs.

3) Identify new avenues for ICT that substitute mass production by catering to individually customized needs (mass customization).

4) Develop new business models and processes to harness the opportunities in the global market place.

5) Identify opportunities that substitute labor-intensive production by computer controlled/technology based processes, taking note of the local genius of the people.  This extends to reduced use of natural resources.  

6) Provide appropriate financial services and tax incentives to promote entrepreneurs focused on the local/regional/domestic economy.

7) Eliminate gender and other disparities in training, employment, and opportunities.  

8) Improve transparency in economic transactions and culture of awareness for the need for transparency. 

Barriers

28) Ignorance of new ICT opportunities in various areas of the economy.

29) Scarcity of people trained in ICT and business opportunities.

30) Lack of affordable and adequate infrastructure; poor planning for its growth. 

31) Governmental lethargy to change existing structures and rules of business to quickly respond to innovators needs.

32) Fear of unemployment and objections by vested interests.

33) Absence of incentives for change.

34) Absence of independent investor community and regulated financial institutions.

35) Geographically and otherwise uneven development and opportunities.

Measures for Success and Failure (1&2)

36) Meeting Millennium Development Goals targets (see table).

5) Increased number of people in the formal sector of the economy.

6) Increased capital generation for development and infrastructure from the economy.

7) Improving the quality of education at all levels from primary to tertiary with attention paid to local contexts and needs.

8) Increased level of credit availability across socio-economic classes, extending to foreign direct investment as required. 

9) Increased access of modern amenities and infrastructure.

10) Governmental programs and incentives for ICT education and other relevant areas for ICT enabled growth such as e-commerce.  

11) Scalability and transferability of ICT enabled sustainable development projects.

12) Increased use of transparent services and increase in level of use and types of transparent transactions.

13) Increase in number of areas and organizations using ICT enabled services in all areas of human development and economy. 

14) Increase in IPR filing from developing economies.

15) Increase use of appropriate standards for ICT enabled services

16) Establishing a number of training as well as collaborative programs in ICT both within the country and abroad (developing and developed).

17) Economic intelligence sharing in developing countries, with reliable data.

Working Group on Empowerment, Governance and Alienation

ICT can be a means for empowerment, especially for women and minorities.  Lack of empowerment and opportunities can be a driver for alienation, which might result in increased anti-social (if not terrorist) tendencies.  This is a particular challenge considering most developing countries have a population pyramid with a very large number of youths, who can learn of and perceive greater disparity than ever before due to ICT and the media.  

Challenges

1) Increase transparency in governance; reduce transaction costs.

2) Enhance citizen participation (local and national policy making, Elections and polls), reducing vagaries of the process and opportunities for manipulation or biasing.  

3) Reduce the Digital Divide (Geographic, Socio-economic Status, age and gender)

4) Allow for open discussion of governmental goals, strategies, targets and processes.

5) Have free, fair, and enlightened media.  

6) Increase co-ordination among local/regional/national government agencies.

7) Develop innovative legal systems to legitimize ICT enabled services.

8) Allow migration paths and hybrid systems that maintain consistency between electronic and physical information (records).

9) Ensure security and privacy of information.

Barriers

1) Inability of governments to modernize or adapt.  

2) Presence of vested interests interfering with not only government but also business and the media.

3) Lack of access to relevant information in the local and regional languages.

4) Rapid obsolescence HW/SW of products resulting in high costs and continual retraining. Incompatible and non-integrated ICT platforms.  

5) Deployment of technology or other changes without an integrated assessment of the problem being tackled.  

6) Lack of transparency in governmental transactions.

7) Lack of a legal framework for ICT based commerce and governance.  

8) Lack of communications and common base between bureaucrats, technologists and customers of ICT services to collaborate.

9) Limited democratization of information dissemination.

Measures for Success and Failure

1) Democratization of information dissemination.

2) Voter registration/ participation in polls and reduction in voter fraud.

3) Inclusivity of women in all sectors of human and economic development.

4) Inclusivity of persons with disabilities and functional illiterates.

5) Increased inclusivity of young people in ICT education and services. 

6) Measurement and increase in Government services available on line (local, regional/national services)

7) Increase in efficiency (time and quality) of government services.

8) Availability of ombudsman to all sectors of society to ensure good and fair governance.

9) Increase of level of IT education among bureaucrats.

10) Enhanced number of communities that are connected as knowledge networks in economic and human development.

Appendix 1: ICT statistics, December 2003 (ITU)
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Source: ITU (2003): World Telecommunication Development Report 2003

The report discusses how raw numbers (above and beyond the first 8 columns in white) are translated into scores that are weighted for the overall DAI score.  



















* Organized by Carnegie Mellon University, Indian Institute of Science, and National Institute of Advanced Studies with sponsorship from National Science Foundation, United Nations, World Bank, and Indian Govt. Agencies and Industry. 


# Carnegie Mellon University


& Indian Institute of Science


@ Indian Institute of Technology, Mumbai


� This excludes issues such as higher maintenance costs or shorter warranties (if at all) in developing countries.  


� Simplified tiers (high and low users) might address the regressive nature of flat rate pricing, and also provide a disincentive for illegal peer-to-peer networking (file sharing).    


� Ernest Wilson, various publications.  
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